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Effects of physical and chemical factors on the growth and neutral lipid content of

Nitzschia palea

BAN Jianjiao, FENG Jia, WANG Zhigiang, XIE Shulian”
School of Life Science, Shanxi University, Taiyuan 030006, China

Abstract: An algal strain, Nitzschia palea NY025, was chosen as experimental materials for its high-lipid content. The
feasibility of optical density method used for cell growth determination was investigated first. Then Nile red fluorescence was
used for determining the relative neutral lipid contents because neutral lipid content was a key standard of choosing algae in
biodiesel production. Furthermore, the effects of temperature, light intensity, nitrogen, phosphorus and silicon on the cell
growth and neutral lipid contents of N. palea were investigated. The results showed that; (1) The maximum absorption of
N. palea existed at 675nm, and the absorption showed a good linear relationship with cell density. Therefore, the growth of
N. palea could be obtained by measuring ODs. Optical density method and Nile red fluorescence possessed advantage of
simple operation, so they were suitable for high-throughput sample analysis. (2) The optimum temperature was 20°C for
increasing the cell density and neutral lipid content of V. palea. The finest light intensity for the growth of N. palea was 160
pwmol m™?s™ | while the best light intensity for neutral lipid accumulation was 200 pwmol m™s™". It is suggested that
increasing light intensity appropriately might increase neutral lipid contents in algal cells. (3) Under the optimum
temperature and light intensity, the orthogonal experiments of nitrogen, phosphorus and silicon were designed to research
into their effects on the growth and neutral lipid contents of N. palea. The influence of nitrogen on the growth of N. palea
was the most significant, then the factor phosphorus and the last one was factor silicon. The growth of N. palea was

influenced significantly by factors nitrogen, phosphorus, silicon and interaction factors nitrogen with phosphorus, nitrogen
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with silicon. The optimum growth rate was obtained when the content of nitrogen, phosphorus and silicon were 80 mg/L,
120 mg/L and 100 mg/L, respectively. The influence of factor nitrogen on neutral lipid accumulation was the most
significant, next was factor silicon and the last one was factor phosphorus. Neutral lipids accumulation was influenced
significantly by factors nitrogen, silicon and interaction factors nitrogen with phosphorus, nitrogen with silicon. The
maximum neutral lipid accumulation was obtained when the concentration of nitrogen, phosphorus and silicon were 80 mg/
L, 120 mg/L and 50 mg/L, respectively. (4) In conclusion, the lipid synthesis can be improved by two-step method. First
the cell density of N. Palea was increased, and after gathering plenty of cells the culture conditions changed to increase

neutral lipid contents.

Key Words: Niizschia palea; physical and chemical factors; cells density; neutral lipid
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WA A3, 15 BN B RIS R 675nm 356 R [R]— B SIS ] v 2 1) S5, ol P il 3sk i+ 250 o450, T g A [l e
B OD g5, LA OD g5 A GNARRR , 20 L B A 8 Ak A, A2 B AH DG PR T 4, I 7 %35 B 55 OD 5 2Z 8] 114 [ )5
T,
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S E KRBT REIR, T T — 500
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N {,}?\ P /,ﬁ\ L Si {/ﬁ\ ﬁ-} %IJ iﬁ }EH NaNO . K ) HPO 4 Lﬁ Table 1 Factors and levels of orthogonal experiment
KH,PO4 Na,SiO, + 9H,0, H4E ik > 3 5F D1 ¥ Ff”f (mz;]‘) (m‘;m (msjy/]‘)
%%Eaﬁ,&)ﬁ‘ N\P \Sl E%Eﬂ(%ﬂifiigﬁ( %:é 1) o 1 120 120 100
SCEOHE A L, (37) IEACBETT R (£ 2) . ALl 27 4Lin 2 80 80 75
I RN P ST HER, BTN A, B0 O ; 0 0 0

FHAS SR FLIG VeI UC, PRRE B OIS B B L o0 301 42
TXERLAIEIREE R B 3 A AT, B TOLMERA R IR LR 200 wmol m™*s™ IELIE R 20°C
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Table 2 The results of orthogonal experiment

1 2 3 4 5 6 7 8 1 o PR
N P ONxP NxP S Nx&i Nxsi pxsi 0 0 pyg 120D iﬁii Ne'::}‘:tl‘::lpid
1 @® @® @® @ @ @ @® @® ® O @® o O 0.116 61.538
2 @ @ @ @® ©) ©) @ @ @ © ©) @ © 0.086 85.186
3 @ @® @® ) ® ® ® ® ® O ©) ® O 0.061 64.131
4 @ @ ©) @ @ @ @ ©) @ © ® ® ©® 0.100 47.790
5 @® @ @ @ @ @ @ ® ® O ® ®© O 0.102 53.844
6 @ @ @ ©) ® ® ® @ o O @ @ @  0.0% 119.277
7 @® ® ®@ ©) @ @ @® ® ® @ @ © 0.091 72.052
8 @ ® ® ® ©) ©) ©) @ © O ® ® ® 0.015 17.190
9 @® ®@ @ ©) ® ® ® @ @ © ® © O 0.051 24.735
10 ©) @ @ ® @ ©) ® @ @ @ @ ® 0.146 84.425
11 @ @ @ ® @ ® @ @ ® O ©) ® @© o100 87.950
12 ©) @ @ ® ® @ ©) ® © © ® ® © 0.075 134.370
13 @ @ ® @® @ ©) ® @ ® O ® ® © 0.103 51.335
14 ©) ©) ® @® ©) ® @ ® ® © @ @ ® 0.113 173.74
15 @ @ ® @ ® @ @ @ @ 6 ©) ® © 0093 261.252
16 @ ® @® @ @® @ &) ® ® @ @ ® O 0.137 62.473
17 @ ® @® @ @ ® @® @® @ @ ©) o 0.127 139.771
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y =% E=X
1 2 3 4 5 6 7 8 I . S iﬁiﬁ'ii
N P NxP  NxP  Si  NxSi NxSi  PxSi PxSi Growth content
18 @ ® ® @ ® ) @ @ ® O ® @ ® 0.111 135.556
19 ® @® ® @ @® ® @ @® ® © ® ® © 0.163 69.395
20 ® ® &) @ @ @® ©) @ o B @ o 0.128 113.843
21 @ @® @ @ ® @ @® @ @ O ® @ O 0.079 79.15
22 ® @ @ ©) @® ® @ @ ® B ® @ @©  -0.001 -15.125
23 ® @ @® ©) @ @® ® ® @ O ® ® @  -0.003 18.821
24 ® @ @® ©) ® @ @® @® ® @ @ ® &  -0.002 -1.238
25 ® ® ) ) @ ® @ ®@ @ O @ ® &  -0.003 3.025
26 ® @ @ ) @ @® ® @® ® @ ® @ @©  -0.008 9.711
27 @ ®@ ®@ ) ® @ @® @ o @® ® @ -0.005 13.220
T, 0.080 0.106 0.070 0.062 0.095 0.078 0.080 0.083 0.088 32.069 3.1967.416
T, 0.112 0.067 0.067 0.116 0.073 0.073 0.071  0.075 0.080
Ty 0.039 0.057 0.093 0052 0.062 0.078 0.079 0.072 0.061
t,  60.633 86.667 61.233 80.344 48.544 94.989 74.889 84.589 70.589
t, 125.656 78.856 61.511 91.233 77.789 49.511 82.744 60.489 89.311
ty 32311 53.078 95.856 47.022 92.278 74.100 60.978 73.511 58.700
Ry 0.073 0.049 0.026 0.063 0.033 0.005 0.009  0.010 0.027
R, 93.344 33.580 34.622 44.211 43.733 45478 21.767 24.100 30.611
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Fig.1 Spectrum of Nitzschia pale

Fig.2 Absorbance curves change with time
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Fig.4 Effects of temperature on growth and neutral lipid content of Nitzschia palea
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K5 R T 7E 120,160,200 pmol m™>s™ Ji T 4F e 22T MR A KAK DL, 7T LUE th 4 38R BEE ARG
SN AR B FEARDL, A KB 22 R K, 3 ASEHREE T IO &, 7T DLE SR TE 160 umol m ™
s AR BRI R,

Bl 5 Son TAREDER T, 4 K22 E B o AR IS O, mT LU H 98 A 7t B 2 B 8] 1) 28 4 T Bg
3 AEERAS T A DO CIEIE NG, 2458 R, 7E 200 wmol m s B R IR F= R K,

2.4 FEFREE N P Si EACTEER
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Wi e A, HOROh P dc i Si, X TECRUE, N, P ST ek, B i 205 N, P Siy, BIP N P Si ¥R B2 43510
80,120 100 mg/L i, A J B A KB R, TN T R PG R UL 25 (H Ry >R >R, , Bl N X
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Fig.5 Effects of light intensity on growth and neutral lipid content of Nitzschia palea
MR IEAE SEI A R AT T 07 2250 N (P (Si WA R IE A K2 R iy 7 22 0 BT a3k 3 o i 4551 ]

HLF Fy Fg Frp FosIKT F L HEN P S = HFLLEEEAEH T NxP 5 PxSi fEH¥0N 8.3, W+
NxSi fEFIA B % . ZHEEBMEMAT R NP SIS R AR ERER R, R4 PHSGRERT
NP Si X 45 B 22 B PR RE = R 1 7 22 0T, Fy Fo Fae « Fr IR T Fo BRI F N Si X238 HAEH
T NxP NxSi FEHIY A B3 KT P 5 PxSi fEFIAREE ,N,P, Si, WA T K, Ii5cA Al T IR LR 1k

T
£3 EXIBMNBREMRERERNTENN
Table 3 ANOVA of orthogonal experiment for effects of N, P, Si on the growth of Nitzschia palea
AR FEAUR AR J5 F Fl H B ¥ 2% p A
Sources Sum of squares df Mean square Significance
N 0.240960 2 0.012048 58.664839 *
P 0.012028 2 0.006014 29.283816 *
Si 0.004981 2 0.002491 12.127845 *
NxP 0.245868 4 0.006147 29.929803 *
NxSi 0.000537 4 0.00013 0.654281473
PxSi 0.003993 4 0.00100 4.861309 *
122 Deviation 0.001643 8 0.00021
ST Total 0.510013 26

# FORF L

3 e

A B FE N BRI B 1y 675mm, 35 980 400 i %8 2 AN T, (8 38 Bt oS ), DA T O (A 22
SEUOT S B STAE SRR, AR G B OD s Z I AA7E RAFIZRME DG FR | DRI PG 2 B v AR 4
WORFNEAT B2 A i R I AT 10, ELZ D YR B A BR o B R ity A R T il A IR, A SOl
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Table 4 ANOVA of orthogonal experiment for effects of N, P, Si on neutral lipid accumulation of Nitzschia palea

AR IEH AR E-J5 Fl H R ¥ 2% " B
Sources Sum of squares df Mean square Significance
N 41225.35282 2 20612.67641 22.93498285 *

p 5559.425059 2 2779.712529 3.092886043

Si 8930.73186 2 4465.36593 4.968451887 *
NxP 16686.11851 4 4171.529627 4.641510813 *
NxSi 11517.68442 4 2879.421105 3.203828185 *
PxSi 6904.427822 4 1726.106956 1.920577058

1R2% Deviation 7189.951368 8 898.743921

S Total 98013.69186 26

AR

R SR 0 AR AT B AR A A 5 B AR B AT BRI AR SO 5T 45 SR R 7R IR BE R 20°C B, AT
FTFAEZEREARE SRR R, XS5 F S BT84 R 2 —800 ., Renaud ™ IR, 1F
20°C B il F/INBT H Z2 X3 Nitzschia closterium S5IRZZIE ¥ N. paleacea WA K5I R X2 FTRE
o R B P ETAE 2 M) s 200 PR 5 P 3 e TRl T, TR e R, A A R K 5 T AR Rk R A
B ARG B AR RIR IS 20°C , WAL /R TRATT, TE AT A B 22 0 K 3 3, AR LIk 4% A O S 0y
AR WA AT RBAE A 1 1Y 22T BT S AN G B 5 5%, DAREIRAS

ARG EE SR BN A58 160 wmol m™s™ B fie A3 Al 4% Bz 22 i i AR 4 i bk i AR 22 ) B ok
SREE T UE, BAE 1974 4F Orcutt 5E &L, B GHRBEMEHE Nitzschia closerium AN H I =GR, Hifth
A SRR 0 R ULAE SR AT LA SR U R AR A AR A R S el R K R
— B A AR I G 4 A B R bR e S, 3k AR R AR S BR R FH RRT DUCR R A R SR e
FESGR 160 pmol m™s™ NIEFE, LUH AN M 0 FH |, 1M 5 PRI G5 , A R MRS 2 R A Ak

IEAZSER Y S BT A R s 0 TR A 2R KON JTR ik, oo PLSi, BN P LS = TR AZH.
YEH NxP 5 PxSi X bR AE KA B3 e sk R b B vh, =IO A% I8, N P Si kB
7514 80,120 . 100mg/ L B, A K de i, X Tl AR 2, N s K, Hoz Si P, B+ N Si Xs2 HAEH
NxP NxSi { ¥ B2 U EE T i PR IR R R e pk B 32 b N ST AR E % 08 . NP Si i & 5051 80,
120 .50 mg/L B, e Al Fiedife PR R N k=5 Si Sk /F— @2 Lol LI R AR AL R AT RE 2
KR R 2R i il = S 350 1 A R st/ DT (A s A28 W g 0 e 7K Ak 5 40 ) & JR L T Si B i = B A
JEARAE LA G G 0 A B R OIS A N X PR R FRATT, A5 R W A SR, W LA
DAZH M3 g B Y, SRR SR, ARSI BT A

4 #Hig

(1) 4 B ZEIEHEAE 675nm I A5 568 B OD s Z 18] 7715 RAIF LR PR SC R R DG B sk R IE S
FZZE TV i D R T PR B B A R T Rl A S T SRR B AT Y e 1k ) 4 R A B v
N A B i, O X RE S EA T A AR SR AT B, 335 FH T el R I

(2) W B2 ZEIE AR 20°C , J63% 160 pmol m s~ BF A E R, #E 20°C , 658 200 wmol m™>s™' B, 55 A F FHig
AR,

(3) B5 73R N P Si ¥RBEZM 510 80,120,100 mg/L i, A F TA45 e 25 A A= K, Herpr | N JC R i i
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K, HRE P Si, H NP Si =R TLIAEEAEH NxP 5 PxSi S kA KAE TR 8 B2, H3EEHb NP S
WeRE 4350k 80,120 .50 me/L B, A FH g AR 52, Hor N S ZE MmO Si P, HIRF N Si X2 HAE
FH NxP NxSi fER¥I A 3

(4) R M Bk Sl 2SI S AR

T A GE 5 30 Y AR B SR A AR IR 5 Al
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